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Abstract—Lake whitefish (Coregonus clupeaformis) were fed rainbow smelt (Osmerus mordax) in four laboratory tanks over a
133-d experiment. At the start of the experiment, 10 to 14 of the fish in each tank were sacrificed, and the concentrations of 40
polychlorinated biphenyl (PCB) congeners within these fish were determined. Polychlorinated biphenyl congener concentrations
were also determined in the 15 lake whitefish remaining in each of the four tanks at the end of the experiment as well as in the
rainbow smelt fed to the lake whitefish. Each lake whitefish was weighed at the start and the end of the experiment, and the amount
of food eaten by the lake whitefish during the experiment was tracked. Using these measurements, net trophic transfer efficiency
(�) from the rainbow smelt to the lake whitefish in each of the four tanks was calculated for each of the 40 PCB congeners. Results
showed that � decreased exponentially as log KOW for the congeners increased from 6 to 8. Further, � averaged 0.70 for the tetrachloro
congeners but averaged only 0.45 for the higher chlorinated congeners.
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INTRODUCTION

Contaminant accumulation rate in a fish is strongly influ-
enced by the efficiency with which the fish retains contami-
nants from its prey [1,2]. Consequently, reliable estimates of
the efficiency with which a fish retains contaminants from its
prey are essential for use in risk assessment models to predict
future risk to both people and wildlife eating contaminated
fish under various scenarios of environmental contamination
[3].

Gross trophic transfer efficiency can be defined as the ef-
ficiency with which the contaminant in the food ingested by
the predator is taken up through the gut wall of the predator
[4]. Once taken up through the gut wall, a portion of the
quantity of the contaminant inside the body of the fish may
eventually be eliminated (or excreted) from the fish’s body,
and a portion of this quantity may be metabolically trans-
formed into another chemical compound. Net trophic transfer
efficiency is the efficiency with which the contaminant in the
food ingested by the predator is retained by the predator, in-
cluding the losses due to elimination and metabolic transfor-
mation [5]. Two studies that have measured the rate of these
losses of individual polychlorinated biphenyl (PCB) congeners
in fish included the investigations by Niimi and Oliver [6] and
Buckman et al. [7]. Some PCB congeners have been shown
to be considerably more toxic than others [8,9], and therefore
estimation of net trophic transfer efficiencies for individual
PCB congeners would be especially valuable for risk assess-
ment purposes.

* To whom correspondence may be addressed
(cmadenjian@usgs.gov).

Published on the Web 10/29/07.

Gobas et al. [10] and Thomann [11] proposed that gross
trophic transfer efficiency of organic contaminants to fish from
their prey is a function of the contaminant’s lipid affiliation,
as measured by the octanol–water partition coefficient, KOW.
Thomann [11] fitted an empirical relationship to estimates of
gross trophic transfer efficiencies to fish from their prey for
various organic contaminants as a function of log KOW. Ac-
cording to the fitted relationship, gross trophic transfer effi-
ciency remained at a high level when log KOW ranged from 5
to 6 but then decreased exponentially as log KOW increased
from 6 to 10.

However, several studies have indicated that both net and
gross trophic transfer efficiencies of PCB congeners to fish
from their prey either are not influenced by log KOW or are
influenced by log KOW in a way counter to the relationship
postulated by Thomann [11]. Burreau et al. [12] reported,
based feeding rainbow trout (Oncorhynchus mykiss) contam-
inated with several different organochlorines to northern pike
(Esox lucius) in the laboratory, that gross trophic transfer ef-
ficiency for PCB congeners slightly increased as log KOW in-
creased from 5.7 to 7.0. Buckman et al. [7] estimated that
gross trophic transfer efficiency of PCB congeners to juvenile
rainbow trout from their pelleted food slightly increased as
log KOW increased from 5.0 to 6.5 and then slightly decreased
as log KOW further increased from 6.5 to 8.0. Estimates of net
trophic transfer efficiency of PCB congeners to Atlantic salm-
on (Salmo salar) from their pelleted food exhibited no sig-
nificant relationship with log KOW as it ranged from 5.2 to 7.8
[13]. Madenjian et al. [4] calculated that net trophic transfer
efficiency of PCB congeners to Lake Michigan coho salmon
(Oncorhynchus kisutch) from their prey increased slightly as
log KOW increased from 6.2 to 6.6 but did not appreciably
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Table 1. Logarithm of the octanol–water partition coefficient (log KOW)
and number of chlorine atoms per molecule for the 40 polychlorinated
biphenyl (PCB) congeners included in the present study. Values of
log KOW were taken from Hawker and Connell [22]. Numbering of
congeners was according to the International Union of Pure and
Applied Chemistry (Research Triangle Park, NC, USA) numbering

system of PCBs

PCB
congener

No. of chlorine
atoms per
molecule

Log
KOW

PCB
congener

No. of chlorine
atoms per
molecule

Log
KOW

8 2 5.07 105 5 6.65
17 3 5.25 110 5 6.48
22 3 5.58 118 5 6.74
26 3 5.66 130 6 6.80
28 3 5.67 135 6 6.64
45 4 5.53 141 6 6.82
46 4 5.53 146 6 6.89
48 4 5.78 149 6 6.67
49 4 5.85 156 6 7.18
52 4 5.84 158 6 7.02
66 4 6.20 170 7 7.27
70 4 6.20 174 7 7.11
74 4 6.20 177 7 7.08
84 5 6.04 179 7 6.73
85 5 6.30 180 7 7.36
87 5 6.29 187 7 7.17
91 5 6.13 194 8 7.80
95 5 6.13 195 8 7.56
97 5 6.29 199 8 7.62
99 5 6.39 206 9 8.09

change as log KOW further increased from 6.6 to 7.9. Thus, the
Thomann [11] relationship was not appropriate for describing
trophic transfer efficiency of PCB congeners to northern pike,
rainbow trout, Atlantic salmon, or coho salmon.

The lake whitefish (Coregonus clupeaformis) fishery rep-
resents one of the most important commercial fisheries in the
Great Lakes [14]. During 1975–1995, an average of approx-
imately 7,000 metric tons of lake whitefish have been har-
vested each year from the Great Lakes for human consumption.
Given the importance of this fishery, estimates of trophic trans-
fer efficiency of contaminants to lake whitefish from their prey
would be valuable in assessing the risk to humans of consum-
ing lake whitefish under various environmental contamination
scenarios. To date, trophic transfer efficiencies for PCB con-
geners in lake whitefish have not been studied.

The aim of the present study was to estimate, in the lab-
oratory, the net trophic transfer efficiencies of various PCB
congeners to lake whitefish from their food. In addition, the
applicability of previously mentioned relationship developed
by Thomann [11] to net trophic transfer efficiencies for lake
whitefish was determined. Finally, results from the present
study were compared with results from previous studies.

MATERIALS AND METHODS

Laboratory experiment

The laboratory experiment was conducted from July 23
through December 5, 2003. Lake whitefish were kept in iron-
filtered well water at the Great Lakes Science Center (Ann
Arbor, MI, USA) in four 2,380-L circular tanks that had a
water exchange rate of 15 L/min. Water temperature ranged
from 11 to 13.6�C over the course of the experiment. Tanks
1, 2, 3, and 4 received lots of 25, 29, 25, and 25 lake whitefish,
respectively. Each lake whitefish was weighed at the start of
the experiment. In addition, 10, 14, 10, and 10 lake whitefish
were sacrificed from tanks 1, 2, 3, and 4, respectively, at the
start of the experiment. The sacrificed lake whitefish were
frozen and stored at �30�C.

Lake whitefish in each of the four tanks were daily fed
thawed rainbow smelt, which had been caught in Lake Erie
during 2002, frozen and stored at �30�C. The amount of food
placed in each tank was weighed to the nearest 0.1 g. All
uneaten food was removed from the tanks each day, air dried
for 20 min, and weighed to the nearest 0.1 g. Feeding rates
ranged from 0.5 to 0.9% of the lake whitefish body weight
per day. At the conclusion of the experiment, each of the 15
remaining lake whitefish in each of the four tanks was weighed
and then frozen at �30�C until time of analysis. Additionally,
10 50-fish subsamples of rainbow smelt were stored at �30�C
for later analysis. Refer to Madenjian et al. [15] for more
details on the laboratory experiment.

PCB determinations

Lake whitefish from the laboratory experiment were
grouped by tank and stage of the experiment (start or end).
Each of the eight lake whitefish composites and each of the
10 rainbow smelt composites were homogenized in a blender.
Polychlorinated biphenyl congener concentrations were deter-
mined in each of the composite samples using the negative
chemical ionization mass spectrometry procedure outlined by
Schmidt [16]. We used a slight modification to this procedure
by including a multilayered anthropogenic column to remove
oils and some interfering coextractables [17]. We calibrated

the instrument using individual congener standards from
AccuStandard (New Haven, CT, USA). Concentrations for
each of 69 PCB congeners were determined. All samples were
spiked with two non-Arochlor congeners (numbers 65 and 166;
International Union of Pure and Applied Chemistry, Research
Triangle Park, NC, USA). Calibration accuracy was based on
the ability to analyze Arochlor standards and obtain the pre-
dicted amounts and ratios obtained by Frame et al. [18]. Ad-
ditional calibration verification was done using the West Coast
Fish Studies standard supplied by AccuStandard. Appropriate
quality control samples (blanks, matrix spikes, and duplicates)
were analyzed to ensure precision and accuracy. Spike recov-
eries ranged from 93 to 101%.

Statistical analyses

We estimated net trophic transfer efficiency, �, of each of
40 PCB congeners from rainbow smelt to lake whitefish based
on our laboratory experiment results (Table 1). Of the 69 PCB
congeners examined, 29 of these PCB congeners were not in
detectable quantities in either the rainbow smelt or lake white-
fish samples, or they coeluted with other PCB congeners. The
coelutors were not included in our statistical analyses because
we wanted to restrict our investigation of relationships between
� and degree of chlorination and between � and log KOW to
pure chemical compounds. For the cases of PCB congener
concentrations in either the rainbow smelt samples or the lake
whitefish samples below the detection limit, � could not be
estimated. The 40 congeners included in our analyses consisted
of one dichloro congener (8), four trichloro congeners (17, 22,
26, and 28), eight tetrachloro congeners (congeners 45, 46,
48, 49, 52, 66, 70, and 74), 10 pentachloro congeners (con-
geners 84, 85, 87, 91, 95, 97, 99, 105, 110, and 118), seven
hexachloro congeners (congeners 130, 135, 141, 146, 149, 156,
and 158), six heptachloro congeners (congeners 170, 174, 177,
179, 180, and 187), three octochloro congeners (congeners
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Table 2. Initial and final average weights of lake whitefish used in
the 133-d laboratory experiment. Lake whitefish were fed rainbow
smelt daily. Also included is the average amount of food eaten by a

lake whitefish during the entire course of the experiment

Tank no.

Average weight of lake whitefish (g)

Initial Final Consumption (g)

1 713 897 1,010
2 736 886 865
3 841 996 928
4 726 796 559

194, 195, and 199), and one nonachloro congener (206). The
value of log KOW ranged from 5.07 to 8.09 for the set of 40
PCB congeners (Table 1).

We calculated � of each of the 40 PCB congeners for each
of the four tanks using the equation

([PCB ]W ) � ([PCB ]W )f f i i
� �

amount of the PCB congener ingested

where [PCBf] is the average PCB congener concentration of
the lake whitefish in the tank at the end of the experiment, Wf

is the average weight of the lake whitefish in the tank at the
end of the experiment, [PCBi] is the average PCB congener
concentration of the lake whitefish in the tank at the start of
the experiment, Wi is the average weight of the lake whitefish
in the tank at the start of the experiment, and amount of the
PCB congener ingested refers to the weight of PCB congener
ingested, on average, by each lake whitefish in the tank during
the course of the experiment. For each PCB congener, we
computed the congener’s average concentration in the 10 com-
posite samples of rainbow smelt, and we used the average
concentration in calculating �. The estimate of � was averaged
across all four tanks for each of the 40 congeners, and a stan-
dard error of the mean value was also calculated for each of
the 40 congeners.

The estimate of � was found to be significantly greater than
one for three (congeners 26, 28, and 84) of the 40 PCB con-
geners. Because values of � substantially exceeding one can
unduly influence the results of statistical relationships between
� and degree of chlorination or log KOW, we did not include
congeners 26, 28, and 84 in our statistical analyses.

To determine if degree of chlorination affected �, one-way
analysis of variance (ANOVA) was used to ascertain if mean
� varied significantly with degree of chlorination [4]. We in-
cluded congeners with four, five, six, seven, and eight chlorine
atoms per molecule in the ANOVA; dichloro, trichloro, and
nonachloro congeners were not included in the ANOVA be-
cause only one or two replicates were available in each of
these categories. Each observation in the ANOVA was the
value of � averaged across all four tanks for a particular con-
gener. The one-way ANOVA was followed by a Tukey multiple
comparison procedure to determine pairwise differences be-
tween mean values of �. In addition, a two-sample t test was
used to determine if mean � for tetrachloro congeners was
significantly different from mean � for congeners with more
than four chlorine atoms per molecule.

To determine if log KOW influenced �, a simple linear re-
gression of log � as a function of log KOW was performed.
Significance of the slope of the regression line was assessed
with a t test. Because the hypothesis of Thomann [11] was
that � decreased exponentially when log KOW increased from
6 to 10, only congeners with log KOW greater than 6 were
included in this regression analysis.

To make our information on the coelutors available to the
scientific community, we calculated � for the coelutors in the
same manner that we calculated � for the 40 PCB congeners
that did not coelute. The estimate of � was averaged across
all four tanks for each of the pairs of coelutors, and a standard
error of the mean value was also calculated for each of the
pairs of coelutors. These estimates are presented in Table S1
(http://dx.doi.org/10.1897/07-274.S1).

RESULTS

Average initial weights of the lake whitefish in the four
tanks ranged from 713 to 841 g, whereas average final weights

ranged from 796 to 996 g (Table 2). Average food consumption
by lake whitefish over the course of the experiment in the four
tanks ranged from 559 to 1,010 g. Polychlorinated biphenyl
congener concentrations in the lake whitefish ranged from 0.08
to 5.40 ng/g (wet-wt basis) (Table 3). Polychlorinated biphenyl
congener concentrations in the rainbow smelt ranged from 0.07
to 2.86 ng/g.

Averaging across all four tanks, estimates of � ranged from
0.046 to 2.213 (Table 4). Standard errors for these estimates
of � ranged from 0.015 to 0.461. Estimates of � were highest
for the tetrachloro congeners.

Net trophic transfer efficiency, �, varied significantly with
degree of chlorination of the PCB congeners (one-way AN-
OVA: F � 3.38; degrees of freedom [df] � 4, 28; p � 0.0224).
The mean value of � for tetrachloro congeners was signifi-
cantly higher than the mean value of � for heptachloro con-
geners (Tukey multiple comparisons; p � 0.05). However, no
other significant differences among the homolog groups were
detected (Tukey multiple comparisons; p � 0.05). Mean � for
the tetrachloro congeners was 0.70, whereas mean � for the
higher chlorinated congeners was only 0.45 (Table 4 and Fig.
1); this difference between means was significant (two-sample
t test: t � 3.07; df � 32; p � 0.0044).

Net trophic transfer efficiency, �, declined exponentially as
log KOW increased from 6 to 8 (Fig. 2). The rate of decline
was significantly different from zero (t � �2.91; df � 27; p
� 0.0072). According to the fitted curve, � was equal to 0.60
at KOW � 6, and � was equal to 0.31 at KOW � 8 (Fig. 2).

DISCUSSION

Lake whitefish appeared to be unique among fishes in their
ability to retain PCB congeners from their food. Unlike other
fishes studied, the efficiency with which lake whitefish retained
PCB congeners from their food was strongly dependent on the
log KOW, with � declining exponentially as log KOW increased
from 6 to 8. In fishes like northern pike, rainbow trout, Atlantic
salmon, and coho salmon, trophic transfer efficiency (net or
gross) either slightly increased as log KOW increased from 6
to 7 or was unaffected by log KOW as log KOW increased from
5.2 to 7.8. The value of log KOW had, by far, the greatest
influence on trophic transfer efficiency of PCB congeners for
lake whitefish compared with these other four species of fish.
Given this substantial difference between lake whitefish and
the other four fish species, a comparison of gut physiology,
biochemistry, and toxicokinetics between lake whitefish and
rainbow trout, for example, may provide some insights into
mechanisms by which PCB congeners are transported across
the gut wall in fishes.

We found that � declined exponentially as log KOW in-
creased from 6 to 8, just as Thomann [11] postulated that gross
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Table 3. Initial and final polychlorinated biphenyl (PCB) congener concentrations in lake whitefish used in the 133-d laboratory experiment.
Also shown are the PCB congener concentrations in the rainbow smelt fed to the lake whitefish during the experiment

PCB
congener

Initial lake whitefish PCB congener concn. (ng/g)

Tank 1 Tank 2 Tank 3 Tank 4

Final lake whitefish PCB congener concn. (ng/g)

Tank 1 Tank 2 Tank 3 Tank 4

Rainbow smelt
PCB congener
concn. (ng/g)

8 0.28 0.31 0.25 0.39 0.27 0.28 0.29 0.36 0.83
17 0.64 0.69 0.64 0.81 0.66 0.65 0.71 0.79 0.22
22 0.54 0.55 0.49 0.65 0.60 0.59 0.62 0.70 1.05
26 0.56 0.62 0.56 0.66 0.60 0.61 0.65 0.68 0.08
28 1.86 1.95 1.83 2.23 2.07 2.07 2.21 2.39 0.33
45 0.30 0.31 0.28 0.34 0.30 0.31 0.34 0.35 0.23
46 0.21 0.22 0.20 0.23 0.21 0.23 0.24 0.25 0.07
48 0.41 0.42 0.39 0.46 0.43 0.43 0.46 0.48 0.68
49 1.99 2.05 1.89 2.24 2.21 2.18 2.38 2.45 0.80
52 4.07 4.23 3.97 4.70 4.82 4.71 5.15 5.40 1.53
66 1.57 1.59 1.48 1.69 1.83 1.77 1.96 1.93 0.83
70 2.69 2.76 2.57 3.01 3.34 3.23 3.49 3.54 1.06
74 0.97 0.97 0.91 1.06 1.13 1.10 1.18 1.20 0.43
84 2.63 2.60 2.22 2.63 3.02 2.90 3.57 3.32 0.53
85 0.85 0.84 0.79 0.89 1.05 1.01 1.09 1.02 0.72
87 1.31 1.20 1.16 1.33 1.63 1.59 1.72 1.67 2.05
91 0.89 0.89 0.87 0.95 1.05 0.99 1.13 1.06 0.48
95 3.90 3.85 3.66 4.20 4.78 4.59 5.07 5.04 1.80
97 1.28 1.29 1.19 1.37 1.60 1.53 1.67 1.58 1.22
99 2.08 2.15 1.89 2.24 2.39 2.33 2.53 2.45 1.27

105 0.78 0.78 0.72 0.81 1.02 0.99 1.05 0.97 0.84
110 2.80 2.75 2.57 2.92 3.58 3.40 3.69 3.51 2.21
118 2.61 2.63 2.39 2.74 3.15 3.02 3.27 3.07 2.86
130 0.30 0.30 0.26 0.29 0.44 0.41 0.44 0.37 0.59
135 0.80 0.80 0.71 0.81 1.01 0.99 1.07 0.94 0.52
141 0.40 0.39 0.34 0.39 0.73 0.67 0.71 0.58 0.93
146 0.91 0.91 0.73 0.93 1.15 1.14 1.23 1.08 1.28
149 2.46 2.46 2.20 2.47 3.20 3.08 3.31 2.85 2.73
156 0.19 0.19 0.18 0.19 0.28 0.26 0.27 0.23 0.26
158 0.26 0.24 0.28 0.22 0.39 0.35 0.36 0.32 0.43
170 0.45 0.45 0.41 0.45 0.77 0.73 0.76 0.60 0.90
174 0.36 0.33 0.30 0.33 0.64 0.58 0.61 0.47 1.07
177 0.41 0.36 0.32 0.36 0.64 0.60 0.61 0.51 0.91
179 0.40 0.41 0.36 0.39 0.57 0.54 0.57 0.49 0.71
180 1.07 1.01 0.93 1.02 1.87 1.76 1.76 1.41 2.13
187 1.80 1.71 1.52 1.70 2.52 2.38 2.49 2.14 2.31
194 0.26 0.27 0.24 0.26 0.37 0.35 0.37 0.30 0.44
195 0.09 0.09 0.08 0.11 0.14 0.23 0.13 0.11 0.18
199 0.53 0.52 0.47 0.52 0.73 0.69 0.72 0.61 0.89
206 0.67 0.67 0.62 0.69 0.71 0.70 0.71 0.67 0.21

trophic transfer efficiency decreased exponentially as log KOW

increased from 6 to 10. Our estimate of rate of exponential
decrease was �0.33 per unit of log KOW, whereas Thomann
[11] postulated that gross trophic transfer efficiency declined
at a rate of �0.50 per unit of log KOW. However, the two rates
did not significantly differ because the 95% confidence interval
for our estimate of rate of decrease, �0.33 	 0.23, encom-
passed the Thomann rate of decrease.

If elimination rates of the PCB congeners were very low
or did not vary greatly from congener to congener or decreased
with increasing log KOW, then we would expect gross trophic
transfer efficiency of PCB congeners to lake whitefish from
their food to decrease exponentially as log KOW increased from
6 to 10. Another possibility would be that gross trophic transfer
efficiencies were relatively high for all the PCB congeners,
but elimination and excretion rates increased substantially with
increasing log KOW. However, Buckman et al. [7] showed that
short-term loss rates (loss rates within 30 d of the last feeding
exposure) of the PCB congeners from rainbow trout actually
decreased as log KOW increased from 5.2 to 6.5 but did not
trend upward or downward when log KOW further increased
from 6.5 to 8.0. In addition, long-term loss rates (loss rates

after 30 d from the last feeding exposure) were practically
negligible for the bulk of the PCB congeners with three or
more chlorine atoms per molecule [6,7]. Therefore, unless PCB
congener loss rates for lake whitefish were influenced by log
KOW in a completely different manner than those observed for
rainbow trout, we would expect gross trophic transfer effi-
ciency in lake whitefish to decrease exponentially as log KOW

increased from 6 to 10. Perhaps gut uptake of higher chlori-
nated congeners is enhanced in fishes like rainbow trout, At-
lantic salmon, coho salmon, and northern pike, whereas gut
uptake of higher chlorinated congeners in fishes like lake
whitefish is not enhanced. For a given sized fish, standard
metabolic rate has been estimated to be substantially lower in
lake whitefish than in fishes such as rainbow trout or coho
salmon [15]. Perhaps the apparent lack of enhanced gut uptake
of higher chlorinated PCB congeners in lake whitefish is some-
how linked with its relatively low standard metabolic rate.

Although the energy density of the lake whitefish decreased
slightly over the course of the laboratory experiment [15], this
slight decrease in energy density likely had little effect on �.
Madenjian and O’Connor [19] documented a 10% decrease
and a 5% increase in the energy density of lake trout (Sal-
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Table 4. Mean estimates of net trophic transfer efficiency (�) of
polychlorinated biphenyl (PCB) congeners to lake whitefish from their
food. Estimates were based on a 133-d laboratory experiment, during
which rainbow smelt were fed to lake whitefish. For each congener,
� estimates from all four tanks were averaged to yield the mean

estimate. Standard error of the mean is enclosed in parentheses

PCB
congener Mean estimate of �

PCB
congener Mean estimate of �

8 0.046 (0.020) 105 0.448 (0.039)
17 0.540 (0.117) 110 0.584 (0.052)
22 0.155 (0.019) 118 0.347 (0.042)
26 1.707 (0.257) 130 0.312 (0.032)
28 1.684 (0.171) 135 0.697 (0.089)
45 0.300 (0.060) 141 0.399 (0.030)
46 0.785 (0.116) 146 0.345 (0.055)
48 0.143 (0.022) 149 0.419 (0.055)
49 0.773 (0.099) 156 0.425 (0.033)
52 1.001 (0.098) 158 0.363 (0.015)
66 0.690 (0.080) 170 0.399 (0.041)
70 1.079 (0.092) 174 0.293 (0.025)
74 0.813 (0.079) 177 0.336 (0.025)
84 2.213 (0.461) 179 0.316 (0.031)
85 0.483 (0.050) 180 0.418 (0.036)
87 0.314 (0.028) 187 0.440 (0.042)
91 0.660 (0.076) 194 0.309 (0.044)
95 0.939 (0.087) 195 0.402 (0.175)
97 0.444 (0.048) 199 0.304 (0.039)
99 0.551 (0.082) 206 0.657 (0.142)

Fig. 2. Estimate of net trophic transfer efficiency (�) of a polychlor-
inated biphenyl (PCB) congener to lake whitefish from their food as
a function of the log KOW of the PCB congener. Estimates were based
on a 133-d laboratory experiment, during which lake whitefish were
fed rainbow smelt. Fitted regression line for congeners with log KOW

greater than 6 is also displayed.

Fig. 1. Estimate of net trophic transfer efficiency (�) of a polychlor-
inated biphenyl (PCB) congener to lake whitefish from their food as
a function of the number of chlorine atoms per molecule of the PCB
congener. Estimates were based on a 133-d laboratory experiment,
during which lake whitefish were fed rainbow smelt.

velinus namaycush) fed at a low feeding rate and an inter-
mediate feeding rate, respectively, over the course of the lab-
oratory experiment. Yet the mean estimates of � for total PCBs
were very similar for the two different feeding rates: 0.87 for
the low feeding rate and 0.91 for the intermediate feeding rate
[20]. For the high feeding rate, energy density increased 28%
over the course of the experiment [19], and the mean estimate
of � was 0.71 [20]. This relatively low value of � was attributed
to decreased efficiency to retain PCBs at relatively high feed-
ing rates [20]. Similarly, laboratory and field studies have
indicated that Chinook salmon (Oncorhynchus tshawytscha)
have a reduced efficiency to retain PCBs from their food at
relatively high feeding rates [21].

Reasons for our estimates of � exceeding a value of 1.5
for three of the PCB congeners were not clear. Perhaps our
subsampling of the rainbow smelt for PCB determinations was

not representative of the average concentrations of these three
PCB congeners in the rainbow smelt actually fed to the lake
whitefish during the experiment. Perhaps the degree of matrix
interference differed between the lake whitefish and rainbow
smelt samples for these three PCB congeners.

CONCLUSION

Net trophic transfer efficiency, �, of PCB congeners to lake
whitefish from their food decreased exponentially as log KOW

increased from 6 to 8. In addition, lake whitefish were sub-
stantially more efficient at retaining the tetrachloro congeners
from their food as they were at retaining the higher chlorinated
congeners from their food. Our results, in conjunction with
other studies, suggested that gut uptake of the pentachloro and
higher chlorinated congeners was possibly more enhanced in
fishes like rainbow trout than in fishes like lake whitefish.

SUPPORTING INFORMATION

Table S1. Mean estimates of net trophic transfer efficiency
(�) of pairs of polychlorinated biphenyl (PCB) coeluting con-
geners to lake whitefish from their food. Estimates were based
on a 133-d laboratory experiment, during which rainbow smelt
were fed to lake whitefish. For each pair of coeluting con-
geners, � estimates from all four tanks were averaged to yield
the mean estimate.

Found at DOI: 10.1897/07-274.S1 (49 KB PDF).
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